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(57) ABSTRACT 

What is disclosed is a System and method for Specifying a 
custom document as a constraint Satisfaction problem (CSP) 
to create the Specified document using existing constraint 
Solving algorithms wherein the document, its content com 
ponents, and its layout requirements as elements of a con 
Straint Satisfaction problem which when Solved, results in an 
automated document layout for the Set of content compo 
nents. This enables an easier (i.e., automated) custom docu 
ment creation proceSS while providing a wider array of 
output documents. 
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SYSTEMAND METHOD FOR 
CONSTRAINT-BASED DOCUMENT GENERATION 

RELATED APPLICATIONS 

0001 Attention is directed to commonly owned and 
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Docket D/A1456) entitled “CONSTRAINT OPTIMIZA 
TION SYSTEM AND METHOD FOR DOCUMENT 
COMPONENT LAYOUT GENERATION. 

0003 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1456Q) entitled “CONSTRAINT OPTIMIZA 
TION SYSTEM AND METHOD FOR DOCUMENT 
COMPONENT LAYOUT GENERATION. 

0004 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1583) entitled “SYSTEMAND METHOD FOR 
CONSTRAINT-BASED DOCUMENT GENERATION. 

0005 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1586) entitled “SYSTEMAND METHOD FOR 
DYNAMICALLY GENERATING ASTYLE SHEET. 

0006 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1586Q) entitled “SYSTEM AND METHOD 
FOR DYNAMICALLY GENERATING A STYLE 
SHEET. 

0007 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1699) entitled “CASE-BASED SYSTEMAND 
METHOD FOR GENERATING A CUSTOM DOCU 
MENT. 

0008 U.S. Ser. No. (not yet assigned), filed (Atty. 
Docket D/A1699Q) entitled “CASE-BASED SYSTEM 
AND METHOD FOR GENERATING ACUSTOM DOCU 
MENT. 

FIELD OF THE INVENTION 

0009. The present invention is directed to systems and 
methods to find document components and assemble them 
into a custom document Such as a variable data document 
and, in particular, those Systems and methods which use 
constraint-based approaches wherein the document, its con 
tent, components, and its requirements are expressed as 
elements of a constraint Satisfaction problem. 

BACKGROUND OF THE INVENTION 

0.010 Custom documents are documents that are person 
alized or tailored in Some way to the particular user of the 
document. Two growing applications of custom documents 
are in the domain of variable data printing, as well as in web 
personalization. 

0011. In traditional variable data applications the creation 
of a custom document is accomplished by an expert in 
graphic arts, databases, layout, document design, etc. This 
expert document creator develops an overall layout for the 
document that includes slots for the variable data. The 
creator also finds or creates appropriate content pieces, and 
specifies rules for how to fill in the variable slots with this 
content, or places the content in a database and then links the 
slots to particular fields in the database. The variable data 
application then creates a document for each customer by 
inserting the data for the customer into its linked slot. These 
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types of templates are typically called "lick and Stick, 
because the template has “art holes” which are defined by 
the document creator, and then the variable data is placed 
into those art holes to form different instances of the 
document. The resulting Set of documents is typically quite 
Similar: each variable slot has one piece of content of about 
the Same Size and the general layout is the same for all 
instances, regardless of the available content pieces. Thus, 
the traditional variable data template not only requires 
extensive time and expertise from the document creator, but 
it also does not respond dynamically to varying amounts or 
types of content pieces, or to restrictions imposed by the 
variable content. 

0012. In the domain of web documents and web person 
alization, the focus is often not on a dynamic document 
layout per Sebut rather on dynamic data. The assumption is 
that the document template is predetermined and the chal 
lenge is to find the right data at the right time. For instance, 
dynamic web documents are typically formed by embedding 
"Scripts” (i.e., programs) into the HTML page. These Scripts 
are then interpreted by the web server. This enables certain 
elements of the document (e.g., a weather reading) to be 
inserted or created at the time of document display. This 
approach can only produce documents according to the 
underlying program. In order to achieve different results, the 
program must be changed and thus this approach is not truly 
dynamic. In web personalization applications, much of the 
focus is on user profiling and understanding what e-com 
merce customers are doing online So that you can provide 
the appropriate information. Again, the focus is on finding 
the appropriate information, not on laying it out differently 
based on what is found. The techniques used to create 
dynamic web pages often involve writing specific Scripts or 
programs that can be embedded in web pages and inter 
preted by the Web Server. This approach lacks in generality, 
introduces restrictive platform dependencies, and can be 
extremely difficult and expensive to maintain. 

0013 Traditional creation of custom documents such as 
variable data documents requires expertise in many areas 
Such as graphic arts and databases and is a time consuming 
process. With the ever-increasing amount of information in 
the digital world and the amount of un-trained users pro 
ducing documents, old publishing tools often prove cum 
berSome and demanding whereas present dynamic digital 
environments demand tools that can reproduce both the 
contents and the layout automatically tailored to personal 
needs and which can enable novices to easily create Such 
documents. 

0014. In the realm of custom document creation, what is 
needed in the arts is a way to automatically Select document 
content and lay it out into a final document, without relying 
on expert graphic artists, or using Specialized Scripts that are 
embedded in an HTML file. 

0015 Known methods for automated creation of docu 
ments have focused more on particular types of documents, 
and not on modeling the problem in a general way in order 
to address all types of documents. Existing work provides 
methods for creating diagrams (see Dengler, E. Friedell, M., 
Marks, J., Constraint-Driven Diagram Layout, Proceedings 
of the 1993 IEEE Symposium on Visual Languages, pages 
330–335, Bergen, Norway, 1993), or multimedia presenta 
tions (see Rousseau, F., Garcia-Macias, A., Valdeni de Lima, 
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J., and Duda, A., User Adaptable Multimedia Presentations 
for the WWW, Electronic Proceedings from the 8" Interna 
tional World Wide Web Conference, 1999), or flowcharts 
and yellow pages (see Graf, W. H., The Constraint-Based 
LayOut Framework Lay Lab and Applications, Electronic 
Proceedings of the ACM Workshop on Effective Abstrac 
tions in Multimedia, 1995). Others have explored automat 
ing the process of web document layout (see Kroener, A., 
The Design Composer. Context-Based Automated Layout 
for the Internet, Proceedings of the AAAI Fall Symposium 
Series: Using Layout for the Generation, Understanding, or 
Retrieval of Documents, 1999). None of the existing auto 
mated approaches provide a formalized, constraint-Satisfac 
tion formulation of the document creation process, nor do 
they include the Selection of content in their automated 
process. Furthermore, existing automated approaches con 
centrate Solely on a Single type of document. 
0016 What is needed in the arts is a way to eliminate 
Some of the traditional limitations of custom document 
creation by providing a methodology that Supports a flexible 
and efficient assembly of document components resulting in 
truly dynamic and personalized documents. 

SUMMARY OF THE INVENTION 

0017 What is disclosed is a system and method for 
Specifying a custom document as a constraint Satisfaction 
problem (CSP) to create the specified document using 
existing constraint Solving algorithms wherein the docu 
ment, its content components, and its layout requirements as 
elements of a constraint Satisfaction problem which when 
Solved, results in an automated document layout for the Set 
of content components. This process enables an easier (i.e., 
automated) custom document creation process, while also 
providing a wider array of output documents than is possible 
today. 
0.018. The document is expressed as a template made up 
of variables, values, and constraints. An instance of that 
template is then created, resulting in a set of content and a 
layout of that content, by using one of a set of well-known 
constraint Satisfaction algorithms. The present invention 
described herein is the formulation of document creation as 
a constraint Satisfaction problem and the application of 
existing constraint Satisfaction algorithms to automatically 
create the desired output document, the combination of 
which is heretofore unknown in the arts. The present method 
of document composition comprises the Steps of; Specifying 
problem variables by identifying Zero to n document areas 
which have associated constraints and at least 1 document 
parameter that can be changed; Specifying value domains for 
each variable, by identifying either content pieces appropri 
ate for the associated document area, or by identifying valid 
ranges for the associated document parameter; Specifying 
layout and/or content constraints which further constrain the 
valid values of the document parameter and/or document 
area variables, optionally Specifying dynamic constraints 
that are added/deleted as problem Solving occurs, determin 
ing a layout for the document Such that the values chosen for 
the document parameters and document areas pass all of the 
Specified constraints according to one of a plurality of 
existing constraint Satisfaction algorithms. Other objects, 
advantages, and Salient features of the invention will 
become apparent from the detailed description which, taken 
in conjunction with the drawings, disclose the preferred 
embodiments of the invention. 
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DESCRIPTION OF THE DRAWINGS 

0019. The preferred embodiment and other aspects of the 
invention will become apparent from the following detailed 
description when taken in conjunction with the accompa 
nying drawings which are provided for the purpose of 
describing the invention and not for the limitation thereof, in 
which: 

0020 FIG. 1 illustrates a document template which 
specifies that there are two areas that should be filled with 
content: areaA and areaB, and which also specifies that the 
positions and sizes of areaA and areaB can be changed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021 What is disclosed is a system and method for 
Specifying a custom document as a constraint Satisfaction 
problem (CSP) to create the specified document using 
existing constraint Solving algorithms wherein the docu 
ment, its content components, and its layout requirements as 
elements of a constraint Satisfaction problem which when 
Solved, results in an automated document layout for the Set 
of content components. This process enables an easier (i.e., 
automated) custom document creation process, while also 
providing a wider array of output documents than is possible 
today. 
0022. The document is expressed as a template made up 
of variables, values, and constraints. An instance of that 
template is then created, resulting in a set of content and a 
layout of that content, by using one of a set of well-known 
constraint Satisfaction algorithms e.g., backtracking, for 
ward checking, as taught in Nadel, Tree Search and Arc 
Consistency in Constraint Satisfaction Algorithms, Search in 
Artificial Intelligence, edited by L. Kanal and V. Kumar, 
Springer-Verlag, 1988, 287-342. The present invention 
described herein is the formulation of document creation as 
a constraint Satisfaction problem, and the application of 
existing constraint Satisfaction algorithms to automatically 
create the desired output document, the combination of 
which is heretofore unknown in the arts. 

0023. In particular, a document template is represented as 
a constraint satisfaction problem (CSP), and therefore con 
tains a Set of variables, a value domain for each variable, and 
a set of constraints on those variables and values. 

0024. In this invention, the areas of the document to be 
filled with content are modeled as problem variables, as are 
any parameters of the document that can be changed. AS an 
example, consider the document template shown in FIG. 1. 
The template Specifies that there are two areas that should be 
filled with content: areaA and areaB. The template also 
Specifies that the positions and Sizes of area A and areaB can 
be changed. Thus, the problem variables for this example 
are: areaA, areaB, area A-topLeftX, area A-topLefty, areaB 
topLeftX, areaB-topLefty, area A-width, area.A-height, 
areaB-width, areaB-height. 
0025 The constraint satisfaction problem formulation 
further specifies that each problem variable has a value 
domain consisting of the possible values to assign to that 
variable. This invention teaches that for variables that are 
document areas to be filled with content (e.g. area A and 
areaB of FIG. 1), the value domains are the content pieces 
that are applicable to each area. For variables that are 
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document parameters, the value domains are discretized 
ranges for those parameters, So that each potential value for 
the parameter appears in the value domain. The initial value 
domain is be set up to be Some default range e.g., 1 . . . 
MAXINT). For variables whose value domains are content 
pieces, the default domain is set up to be all possible content 
pieces in the associated content database, which is specified 
in the document template. 
0026. The constraints specify relationships between vari 
ables and/or values that must hold in order for the resulting 
document to be valid. Constraints may be unary (apply to 
one variable), binary (apply to two variables/values), and/or 
n-ary (apply to n values/variables), and in our invention are 
entered by the user as part of the document template. An 
example of a unary constraint in the document domain is: 
areaA must contain an image of a castle. An example of a 
binary constraint is: area A-topLefty--areaA-height<areaB 
top Lefty. If we had another variable (areaC), an example of 
a 3-ary constraint is: area A-width--areaB-width>areaC 
width. In a variable data application of this invention (one of 
many possible applications), the constraints would also refer 
to customer attributes e.g., areaA must contain an image that 
is appropriate for customer1.age. 
0027. Any one of the known existing constraint solving 
algorithms for discrete constraint Satisfaction problems is 
then applied to create the final output document. To follow 
through our example with one Such existing algorithm, we 
consider a simple backtracking algorithm. Our example 
problem variables and value domains are: 

0028) Area A skier1.jpg, skier2.jpg, golf.jpg, Snor 
kel.jpg, Snorkel.txt, ski.txt, golf.txt 

0029) AreaB skier1.jpg, skier2.jpg, golf.jpg, Snor 
kel.jpg, Snorkel.txt, ski.txt, golf.txt 

0030) Area A-topLeftX {0 . . . 500 
0031) Area A-top Lefty {0... 750} 
0032) AreaB-topLeftX {0. . . 500} 
0033) AreaB-topLefty {0 . . .500 
0034) AreaA-width {1 ... 500 
0035) AreaA-height {1. . . 750 
0036) AreaB-width 1... 500} 
0037 AreaB-height {1, .. 750} 

0.038. The unary constraints for our example problem are: 
0039 C1: area A must contain an image of a skier 
0040 C2: areaB must contain text about skiing. 

0041. We also have one binary constraint: 
0042 C3: 
top Lefty. 

area A-topLefty--area.A-height<areaB 

0043. The constraint solver first achieves node-consis 
tency, which runs the unary constraints C1 and C2 eragainst 
each variable's value domain, eliminating any values that 
don't Satisfy the unary constraints. After node consistency, 
our problem variables and value domains are as follows 
(note that the value domains for areaA and areaB now have 
only the content pieces that meet the unary constraints): 
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0044) area.Askier1.jpg, skier2.jpg 
0.045 areaB {ski.txt 
0046) area A-topLeftX {0 . . . 500 
0047) areaA-topLefty {0 . . . 750} 
0.048 areaB-topLeftX {0 . . . 500 
0049) areaB-topLefty {0. .. 500} 
0050 areaA-width {1 ... 500} 
0051) areaA-height {1. . . 750} 
0052) areaB-width 1... 500} 
0053) areaB-height {1 ... 750} 

0054 The constraint solver then iteratively tries a value 
for each variable in Succession, checking the binary (and any 
n-ary) constraints after each assignment, and backtracks to 
a different value if the assignment violates any constraints. 
Note that a constraint is considered to be trivially satisfied if 
any of its component values is not yet instantiated. Thus it 
isn't until areaA-top Lefty, areaA-height, AND areaB 
top Lefty all have values that there is a possibility that C3 is 
violated. 

0055 Thus, a backtracking algorithm would iteratively 
assign: 

0056 areaA=skier1.jpg 
0057 areaB=ski.txt 
0.058 area A-topLeftX=0 
0059) area A-top Lefty=0 
0060 areaB-topLeftX=0 
0061 areaB-topLefty=0 
0062) areaA-width=1 
0063) areaA-height=1 

0064 at which point when it checks constraint C3, it will 
find that area A-topLefty (0)+areaA-height (1) is not less 
than areaB-topLefty (0), and thus it will backtrack to choose 
the next possible value for area A-height. Eventually it will 
backtrack to a point at which C3 is not violated, and thus will 
arrive at a valid Solution. One can furthermore envision 
many more constraints that can be added to the problem to 
ensure a feasible looking output document (e.g., minimum 
widths for the content areas, etc.). The novelty of the 
invention is in the modeling of the document template as a 
constraint Satisfaction problem, So that the document creator 
can Specify any set of variableS/values/constraints, and then 
a constraint Solving algorithm can automatically create the 
final output document. 
0065. A further extension of the herein taught method for 
representing a document template as a constraint Satisfaction 
problem and the method for creating the final document by 
applying a constraint Solving algorithm is that the model can 
be further extended to encompass more complicated docu 
ments by using the well-known dynamic constraint Satisfac 
tion model and Solving algorithms as taught in Mittal and 
Falkenhainer Dynamic Constraint Satisfaction Problems, 
Proceedings of AAAI 1990, pages 25-32. In dynamic con 
Straint Satisfaction, the Set of variables, values, and con 
Straints can change as the problem Solving progresses. That 
is, given the current choice of values, other constraints might 
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become active and/or certain variables and/or values might 
be added or deleted from the problem. In the context of 
automated document creation, this extension enables docu 
ment content components to Specify their own Sets of 
constraints (e.g., “I’m an image, and my width cannot be less 
than 350 pixels', or “I’m an image of a cigarette advertise 
ment, and I cannot be placed on the same page as any 
content from the American Heart Association”). Similarly, 
dynamic constraints can be added to the problem that 
Specify the use of other problem variables (e.g., “if we 
choose content for area A whose width >300 pixels, then we 
must delete areaC from the problem”). These examples are 
meant to be illustrative and not comprehensive of all poS 
Sible dynamic document constraints. In general, any con 
Straint that involves adding/deleting document areas, or that 
is added/deleted as a consequence of content choices made 
during constraint Solving is what we consider to be a part of 
the dynamic extension to our document constraint Solving 
model. 

0.066 We have furthermore implemented and herein 
describe our particular implementation (one of many pos 
Sible implementations) of this dynamic document constraint 
Solving model. We have combined the well-known back 
tracking algorithm with a linear constraint Solver as taught 
in Badros G., Borning A., The Cassowary Linear Arithmetic 
Constraint Solving Algorithm. Interface and Implementa 
tion, University of Washington Technical Report, 98-06-04, 
1998, to enable dynamic addition/deletion of constraints and 
problem variables during problem Solving. 

0067. We model the document area variables (area.A, 
areaB) as variables for the backtracking algorithm, and 
further model the layout related variables (area A-topLeftX, 
area A-topLefty, areaA-width, areaA-height, etc.) as Sub 
variables to the document area variables. AS each top-level 
variable is instantiated with a value, we add its Sub-variables 
to the linear constraint Solver, and we also add any con 
Straints associated with the chosen content value to the linear 
constraint Solver. To continue our example, when we choose 
value Skier1.jpg for area A, Skier1.jpg might have associated 
constraints that Say it cannot be Scaled, that its width and 
height must be its original width and height. Thus, we add 
the following constraints to the linear constraint Solver: 

0068 C4: areaA-width=175 
0069 C5: areaA-height=255 

0070. Now in our particular implementation, we call on 
the linear constraint solver to determine the validity of the 
chosen value given these new additional layout constraints. 
The linear constraint Solver processes these new constraints 
to see if values can be found for all of the other Sub-variables 
(i.e. areaB-topLeftX, areaB-topLefty, areaB-width, areaB 
height) given this and any other already existing layout 
constraints. If So, then we continue with our backtracking. If 
not, then we remove constraints C4 and C5 from the linear 
constraint Solver, and backtrack to a different value for 
area.A. The Solver continues in this way, trying candidate 
content, adding/removing constraints, and checking the 
active constraints until all document areas are filled with 
content and the resulting document Satisfies all active con 
Straints. 

0071. The present invention has many advantages, for 
instance, the ability to specify what a document should look 
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like but not have to Specify exactly how Such a layout should 
be accomplished relieves the document creator from having 
to evaluate different potential layouts and how each might 
Satisfy or not satisfy certain document requirements. Also, it 
does not require the document creator to have prior knowl 
edge of the document content at the very beginning of the 
document creation process thereby enabling the creation of 
more dynamic output documents. 
0072 The present system and method also advanta 
geously provides the ability to automate content Selection, 
which is typically not part of the document layout process, 
i.e., content pieces are Selected that Satisfy the rest of the 
document constraints, thereby allowing automatic decisions 
to be made about which content to include in the document. 
This is in contrast to the typical approach of forcing the 
document creator to Select all included content before layout 
is begun. The present invention also advantageously enables 
one to define constraints on other aspects of the document 
Such as, for example, the constraint of whatever goes in this 
area should be Times-Roman font-type of size between 8 
and 12 or line Spacing constraints between differing types of 
text. Furthermore, the extension of the representation to a 
dynamic constraint Satisfaction model enables more com 
plicated documents to be represented and automatically 
created. It advantageously provides the capability to Specify 
constraints on content items themselves Such as, for 
example, the constraint that content should not be Scaled 
more than 50% or that content cannot be on the same page 
as a certain advertisement. 

0073 While the invention is described with reference to 
a particular embodiment, this particular embodiment is 
intended to be illustrative, not limiting. Various modifica 
tions may be made without departing from the Spirit and 
Scope of the invention as defined in the amended claims. 
Modifications and alterations will occur to others upon 
reading and understanding this specification; therefore, it is 
intended that all Such modifications and alterations are 
included insofar as they come within the Scope of the 
appended claims or equivalents thereof. 
0074) What is desired to be secured by United States 
Letters Patent is: 

What is claimed is: 
1. A System of document composition comprising the 

Steps of 
a. means for Specifying problem variables by identifying 

at least 1 document parameter that can be changed; 
b. means for Specifying value domains for each variable 

by identifying valid ranges for the associated document 
parameter, 

c. means for Specifying one or more layout constraints 
which further constrain the value domains of associated 
document parameter variables, and 

d. means for determining a layout for the document Such 
that the values chosen for the document parameters 
pass all of the Specified constraints, according to one of 
a plurality of existing constraint Satisfaction algo 
rithms. 

2. A System of document composition as defined in claim 
1 wherein the problem variables also include document 
areas that are to be filled with content. 
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3. A System of document composition as defined in claim 
1 wherein the problem constraints include content con 
Straints which constrain the value domains of associated 
document area variables. 

4. A System of document composition as defined in claim 
3 wherein the Set of constraints includes at least one dynamic 
constraint which is added/deleted during the problem solv 
ing. 

5. A System of document composition as defined in claim 
4 wherein the constraint Solving algorithm is a dynamic 
constraint Solving algorithm. 

6. A System of document composition as defined in claim 
1 wherein Said Selected content is from a repository of 
document components. 

7. A System of document composition as defined in claim 
5 wherein the at least one repository contains information 
asSociated with the document components. 

8. A System of document composition as defined in claim 
1 wherein Said content is Selected to match the document 
receiver. 

9. A System of document composition as defined in claim 
7 wherein there is an at least one repository of information 
in association with Said document receiver. 

10. A System of document composition as defined in claim 
1 wherein the document area are specified in at least one area 
variable. 

11. A System of document composition as defined in claim 
1 wherein the Specification of layout constraints are speci 
fied in at least one layout variable. 

12. A System of document composition as defined in claim 
6 wherein the information associated with a document 
component includes layout constraints. 

13. A System of document composition as defined in claim 
1 wherein content constraints comprise information Specific 
to the intended recipient of the composed final document. 
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14. A System of document composition as defined in claim 
1 wherein a candidate content Selection is made by Satis 
faction of the content constraints. 

15. A System of document composition as defined in claim 
13 wherein the total layout constraints include general 
layout constraints and layout constraints associated with the 
content items of the candidate content Selection. 

16. A System of document composition as defined in claim 
14 wherein a document layout has document area variable 
values that Satisfy Said total layout constraints. 

17. A System of document composition as defined in claim 
1 wherein Said means for Specifying problem variables by 
identifying at least 1 document parameter that can be 
changed comprises a computer, resources and an application 
interface Sufficient to perform this Step. 

18. A System of document composition as defined in claim 
1 wherein Said means for Specifying value domains for each 
variable by identifying valid ranges for the associated docu 
ment parameter comprises a computer, resources and an 
application interface Sufficient to perform this Step. 

19. A System of document composition as defined in claim 
1 wherein means for Specifying one or more layout con 
Straints which further constrain the value domains of asso 
ciated document parameter variables computer, resources 
and an application interface Sufficient to perform this step. 

20. A System of document composition as defined in claim 
1 wherein Said means for determining a layout for the 
document Such that the values chosen for the document 
parameters pass all of the Specified constraints, according to 
one of a plurality of existing constraint Satisfaction algo 
rithms comprises a computer, resources and an application 
interface Sufficient to perform this Step. 


